Nephrotoxicity manifesting as acute renal failure is the principal cause of death in Russell's viper envenomation. The mechanisms responsible for nephrotoxicity are not clear and lack of experi mental data in the Sri Lankan context prompted us to do this study. In the present experiments, the time related physiopathological changes in rabbits after injection of Russell's viper venom were studied using two in vitro models, viz. the isolated perfused kidney model and the kidney slice model. The isolated perfused kidney model experiments showed a significant time related reduction in renal function 4 hours after enveno mation. This was associated with disturbances to the renal tubular cell integrity and renal pathology. Experiments using venom on kidney slices showed complete necrosis of the glomeruli and proximal convoluted tubular cells with the pres ervation of the basement membranes of tubular cells suggestive of direct damage caused by the venom. Data from these experiments are highly suggestive that Russell's viper venom causes renal damage mainly by a direct action on the kidney.
Introduction
Russell's viper (Vipera russelli pulchella) contrib utes to the highest number of fatalities (40%) due to snake bite in Sri Lanka (1). Acute renal failure is the commonest cause of death in these patients and it can occur due to several mechanisms. These include direct nephrotoxicity, renal haemodynamic alterations, non specific effects of venom (such as hypotension, intravascular haemolysis, myoglobinuria, haemoglobinuria and disseminated intravascular coagulation) and immune mechanisms or due to the combined effect of several of these mechanisms (2, 3). Although death following the local viper bite is common hardly any experimental studies have been conducted here using the venom of the Sri Lankan Russell's viper. In the in vivo situation it is difficult to obtain evidence of a direct effect of venom on the kidney because of the difficulty in separating renal damage that can occur due to haemodynamic changes (4, 5). Therefore, the in vitro experiments described in this paper were carried out using the isolated perfused rabbit kidney (IPK) model and kidney slice model to elucidate the possible mechanisms for renal damage following envenomation by the local Russell's viper venom.
Material and Methods

Animals
Local cross-bred white male rabbits, approxi mately 9 months of age, weighing 1 to 2 kg were used in the experiments. Rabbits were kept in the animal house for 2 weeks prior to the experiments. They were fed a diet of carrot and green leaves. Ethical review for the experiments was obtained from the local institutional review body.
by the curator and the venom was milked by him. Venom was milked into pre-weighed, sterilized, universal bottles and care was taken to prevent the venom mixing with saliva. The venom con taining universal bottles were kept in ice and brought to the laboratory. In the laboratory the venom was weighed and divided into 2 or 3 aliquots and stored at -70 °C. A stock solution of the venom was prepared by adding 0.9% sodium chloride solution to an aliquot and stored at 0 °C for one week for use in experiments. Measured amounts of the stock solution were used accord ing to the body weight of the animal and the dose of venom.
Experiments using the isolated perfused kidney model (Protocol 1)
In this protocol 2LD M doses (LD^ = 1.5 mg/kg body weight for the intravenous route) of Russell's viper venom (RVV) was injected subcutaneously into healthy rabbits (6). After injection of venom animals were observed for 1 h (n=5), 2 h (n=5), 3 h (n=7) and 4 h (n=8). At the end of each observation period animals were anaesthetised for removal of the kidneys. Anaesthesia was induced using intravenous thiopentone sodium (20 mg/kg body weight) and during the dissec tion anaesthesia was maintained by ether inhala tion using a mask (7). A separate set of control animals (n=10) were injected with 0.9% sodium chloride solution and subjected to the same experimental procedure.
Once the animal was anaesthetised, a mid ventral laparotomy was performed. The renal vessels were clamped and the left kidney was removed along with the ureter and renal vessels. The ureter was cut leaving about 5-7 cm from the kidney. The right kidney was also removed at the same time to get the wet weight of the kidney and for pathological examination.
Immediately after removal the left kidney was perfused with the perfusate solution using a 20 gauge scalp vein set in order to remove blood from the kidney. Then it was connected to the isolated perfused kidney apparatus where the perfusate was maintained at 37 °C.
The isolated perfused kidney (IPK) model used in these experiments was set up according to the method described for the determination of reper fusion damage and renal preservation (8) and modified in our laboratory (5 Kidneys from healthy rabbits were removed as described in the previous experiments. The kid neys were decapsulated and bisected using sterile instruments while keeping in 0.9% sodium chlo ride. Uniform slices of 0.3 mm thickness were obtained from the bisected kidneys using a tissue slicer. Kidney slices were incubated with 10 mg/ ml of RW for 1, 2,3 and 4 hours (n=5 for each) and LM and EM changes were studied. Kidney slices incubated with 0.9% sodium chloride solu tion were used as the control.
Statistical Analysis
The data are expressed as means ± standard deviation (SD) and a p value less than 0.05 was considered to be statistically significant. Results (except pathological findings) were initially analysed by Kruskal-Wallis test (ANOVA). When the differences of means between groups were statistically significant (when the calculated H value was significant) Wilcoxon's rank sum test was applied in order to identify the significant groups.
Results
Experiments using the IPK model (Protocol 1)
In this protocol experiments were carried out to determine the time related effect of venom on renal function, renal tubular cell integrity and renal pathology.
Effect of venom on renal function
The glomerular and tubular functions were determined using UFR, Ccr, proteinuria, PTRG, PFNa'E and PFK*E. The mean values for these measurements in the control and experimental groups are given in Tables 1,2 and 3. The control group showed a gradual increase in the UFR during 1 hour of perfusion ( Table 1 ). The experimental animals showed a progressive decrease in the UFR. This decrease was highest in the animals who had the longest exposure to the venom (i.e. those killed 4 hours after envenoma tion). Similar to the UFR, the Ccr showed a pro gressive decrease with rime and the fall of Ccr was highest in animals which had the longest expo sure to the venom ( Table 1) .
The PTRG showed a progressive decrease in the control and experimental groups. However the decrease was much greater in the experimental group compared to the controls. The fall in PTRG was highest in the animals who had the longest exposure to venom (Table 2) . Proteinuria, which was expressed as a percentage of the perfusate protein concentration, was significantly higher during first and last 15 minutes of perfusion in animals who were exposed to the venom for 4 hours ( Table 2 ).
Both PFNa'E and PFK + E showed a gradual increase during 1 hour of perfusion in both the control and experimental groups. However, allowing for changes in control animals with time, the experimental animals who were exposed to the venom for the longest period showed a significant increase in both PFNa*E and PFK*E (Table 3 ).
There was no significant change in the PFR (ml/ min/g wet weight of the kidney) in the control and experimental groups during perfusion. 
* In the experiments done 3 hours after venom injection, one animal died and another did not produce urine.
This data was not included in the analysis. 
b In the experiments done at 4 hours after venom injection, one animal died and another two experiments did not produce urine. This data was not included in the analysis.
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Effect of venom on renal tubular cell integrity and renal pathology
Urinary NAG levels were used to determine the effect of venom on renal tubular cell integrity. The concentration of this enzyme was very low in the control group during perfusion. A progres sive increase of concentration of NAG in urine with time was observed. The excretion of the en zyme was highest in animals who were exposed to the venom for the longest period, i.e. 4 hours ( Table 4) . 
Electron microscopy
Complete destruction of the structure of the glom erular tufts and the cells of the PCT was seen after incubation of kidney slices with venom ( Figures 3  and 4 ). Glomeruli were normal in appearance in the control specimens. Swollen mitochondria and disap pearance of cristae were noticed in a few PCT cells.
Discussion
In Protocol 1, the time related effects of Russell's viper venom on glomerular and tubular function and renal tubular cell integrity were assessed. Glomerular function was assessed using UFR, Ccr Other than direct damage the other reasons considered as aetiogenic for nephrotoxicity were immunological mechanisms, renal haemodynamic changes, non-specific effects of venom or a combination of these. However, immuno logical mechanism cannot be a contributory factor for the renal functional and structural damage observed in our experiments as the changes have occurred within a few hours. When renal haemodynamic changes are considered as causing the nephrotoxicity one of the main mecha nisms would be by renal ischaemia. In these experiments we did not make measurements of renal blood flow. However in the IPK apparatus the perfusate flow rate values in the control and experimental groups were not significantly different and the perfusion pressure was held constant during 1 hour of perfusion. These observations indicate that ischaemia is unlikely. However these observations are insufficient to exclude ischaemia definitely. The absence of fibrin threads and micro clots in the renal vessels
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The light microscopic changes seen in kidneys were also not suggestive of ischaemic damage. During the 1,2,3 and 4 hour observation periods following injection of venom the majority of animals did not show any changes that suggested that they were in hypotension or shock. They had to be anaesthetised prior to removal of the kidneys.
The severe degenerative and necrotic changes observed after injection of venom were mostly confined to the cells of the PCT although there were some changes in the glomeruli, DCT and collecting ducts also. The proximal tubules were affected equally and evenly and the underlying basement membrane of the cells was well preserved. These pathological findings do not suggest ischaemia. If ischaemia was responsible we would have seen collapsed architecture of the tubules due to the damaged basement membrane and an increased interstitial space between tubules (16). The data from our experiments point that renal haemodynamic changes to be unlikely as an aetiogenic factor for the kidney damage. 
